The impact of type 1 diabetes (T1D) on school performance is controversial. Objective: To study the relationship between school performance and metabolic control in children with T1D (Ch-T1D), comparing their school grades to general population children (Ch-GP). Patients and Method: Clinical data for 66 Ch-T1D was reviewed, school grades were compared in Ch-T1D with Glycated Haemoglobin (HbA1c) HbA1c < 7.5% and ≥ 7.5%. School marks were also compared between Ch-T1D and Ch-GP from the same level, community and school type (public, private o chartered). Simple linear regression analysis and Mann Whitney test were used to compare groups. A p < 0.05 was considered significant. Results: Ch-T1D were: 13.4 ± 2.9 years old, T1D duration: 5.3 ± 3.2 years, HbA1c was 8.6 ± 1.9% and capillary blood glucose was measured 3.2 ± 1.2 times per day. Grade averages showed no correlation with HbA1c, diabetes duration, hypothyroidism, mental health issues, neither with hypoglycemia or ketoacidosis records. However, primary education Ch-T1D showed lower grades than Ch-GP 5.6 ± 0.7 and 6.0 ± 0.2 (p = 0,0002). School grades correlated with the number of capillary blood glucose readings per day, Pearson correlation coefficient (r) 0.25, 0.41, 0.52 and 0.58 with general grade point average, math, language, and history average respectively (p < 0.05). School non-pass rate was 6.1% in Ch-T1D and 4.8% in Ch-GP (p = 0.65) and school dropout rate was 10.5% in Ch-T1D and 7.7% in Ch-GP (p = 0.47). Conclusion: Ch-T1D attending primary school showed lower school grades than Ch-GP, and patients who more frequently checked capillary blood glucose showed better school grades. T1D may have a deleterious impact on school performance. ORIgInal aRtICle type 1 diabetes -R. Román R. et al ORIgInal aRtICle
Introduction
The prevalence and incidence of type 1 diabetes (T1D) in children and adolescents have increased worldwide 1 . In Chile, the incidence of T1D in children under age 15 shows an increase of 5.4 to 8.3 per 100,000 inhabitants/year between years 2001 to 2004 2 , where the age range is under 4 years old and where the highest growth is observed 3 .
Despite the advances in Intensive insulin therapy, it is very difficult to reach an optimal metabolic control in the pediatric population 4 . Children and adolescents with T1D are completing their brain and cognitive development (mental processes which allow accomplishing a task) in the presence of chronic hyperglycemia, recurrent hypoglycemia and a glycemic variability out of physiological ranges. This is a cause of concern since, in adults, diabetes has been related to cognitive functions impairment, brain structure changes and apoptotic neuronal loss [5] [6] [7] .
Type 1 diabetes has been related to dysfunction of learning areas, memory, processing, attention, executive function and visual-motor integration [8] [9] [10] [11] . A metaanalysis of Tonoli et al. 12 reports that in children and adolescents with T1D, there is a modest impairment that affects the executive function areas, global intelligence (intelligence quotient) and motor nerve conduction velocity; the impairment is higher in adults than in children, mainly affecting the global intelligence (intelligence quotient), executive function, spatial memory, and motor nerve conduction velocity.
Nunley et al. proved that middle-aged adults, where the onset of T1D happened before the age of 18, have a 5-times increased risk of cognitive impairment than the general population, mainly affecting psychomotor speed and visuospatial function. In addition, the greatest impairment was related to the poor metabolic control measured by glycosylated hemoglobin (HbA1c) and a greater prevalence of cardiovascular compromise 13 . Moreover, the long-term monitoring of young patients subgroup, aged between 13 and 19, which participated in the classic study DCCT ("Diabetes control and complication trial"), has proved that subjects with highest HbA1c during the 1990s, have developed a greatest psychomotor and mental efficiency areas impairment [14] [15] [16] .
The deleterious effect of T1D on some mental efficiency areas has been reported in limited groups of children with T1D against a control group. Hannonen et al. proved that a group of 51 children where the onset of T1D happened before the age of 5 when evaluated at an average age of 10, showed impairments in the phonological process, reading, writing, and mathematics in relation to controls 17 . Northam et al. report an association between the frequency of severe hypoglyce-mias, the frequency of diabetic ketoacidosis, cumulative glycemic exposure and the duration of diabetes with cognitive compromise in patients with T1D 18 . Ryan et al. prove in an experimental study that adolescent-induced hypoglycemia negatively affects mental efficiency from 56 to 65 mg/dl glycemia 19 . Gonder-Frederick et al. perform small mental calculation and simple selection standardized tests on children with T1D just before capillary blood glucose (CBG) measure on several times during their daily life, proving that mental calculation speed and reaction speed are significantly affected when blood glucose level is under 54 mg/dl and over 400mg/dl with high interindividual variability 20 , in such research, children were aware of their difficulties in hypoglycemia but they did not realize that their performance was affected by hyperglycemia. The deleterious effect of glycopenia is known, however, the mechanisms of neurological effects of hyperglycemia have been less studied. It has been postulated that hyperglycemia may affect the patency of the blood-brain barrier and in turn, it may affect the synthesis, availability, and reuptake of neurotransmitters such as serotonin 21 .
It is reasonable to postulate that the glycemic variability may affect the capacity of paying attention in class and performance in school tests.
The impact of T1D in school performance has been explored with divergent results; this is probably due to different study methodologies. In 2016, Semencovich et al. study 61 individuals with T1D and 26 children as a control group using cognitive and academic tests, demonstrating that T1D patients performed poorly only in the area of verbal intelligence quotient and spelling 22 . MacCarthy et al. report that poor performance is related to a poor metabolic control in 244 children with T1D without control group 23 . In 2007, Dahlquist et al. study statistical data in Sweden and compares the performance of 5,159 subjects with T1D with a total school population of 1,330,968 students, demonstrating lower performance in the diabetes group in sports, maths, English and language subjects 24 . Finally, in 2016, Cooper et al. report that a group of 666 children with T1D obtains similar qualifications of the general population in Australia in national standardized tests 25 .
We did not find studies that evaluate school performance in Chilean children with T1D. The aim of this study is to examine the relationship between academic qualifications and metabolic control in children with T1D and to compare their performance with the general population in the same region.
Patients and Method
A retrospective study was carried out to review the medical records of schoolchildren with T1D that were in control during 2015 at Pediatric Endocrinology Center of Dr. Leonardo Guzmán Hospital in Antofagasta.
39 out of 105 patients with diabetes were excluded for the following reasons: children under 7 years of age who had not entered the school system (n = 5); other types of diabetes (Type 2, MODY and Monogenic) (n = 4); school dropout (n = 9); high school graduates (n = 7); immigrants who studied in another country during 2015 (n = 3); special education (n = 2) and children who have the onset during 2015 or who persisted on their honeymoon during 2015 (n = 9). Finally, 66 patients were included in the study (63% of evaluated medical records).
The percentage of school repeaters was calculated based on the 66 subjects included. The school dropout rate was calculated based on 86 school age subjects with T1D, without mental retardation, residents in Chile, who had not graduated from high school and were outside the school system by 2015.
The data obtained were gender, age at July 31, 2015, age of T1D onset, duration of T1D (years), average glycosylated hemoglobin (HbA1c) during 2015, severe hypoglycemias history (needing help from a third party or with consciousness compromise), ketoacidosis after onset, presence of hypothyroidism and mental health problems whose diagnoses were based on the DSM-5 classification [26] . The number of CBG per day was obtained from the records of the computational discharges of the glucometer that is carried out in each control, calculating the average of all records from 2015 to January 2016.
The school performance data were obtained from the website www.ayudamineduc.cl, downloading the annual grades transcript of 2015 of each child, which specified both annual grade point average and the average of each subject. In Chile, school grades range from 1 to 7, with 7 being the highest grade.
The HbA1c was measured in the same laboratory by turbidimetric inhibition immunoassay for whole hemolyzed blood. This assay is validated by NGSP (National Glycohemoglobin Standardization Program) with traceability to the reference method DCCT (Diabetes Control and Complications Trial) [27] [28] [29] .
Metabolic control measured by HbA1c, T1D progression time, T1D onset age and number of CBG per day were correlated with the grade point average of the patients, both annual and of each subject. Maths, language, and history were analyzed since such subjects exist at all levels and types of schools.
The grades of each child with T1D were compared with the grades of children in the general population of the same commune, who attended the same educational level, in the same type of school (municipal, subsidized private or private) during the same year. On the basis of this comparison, children with T1D were classified into three categories: with grade point average equal, lower or higher than the general population grade point average. The grade point average by level and commune of schoolchildren in the general population were provided by the Ministry of Education of our country (MINEDUC) with an enrollment of 105,032 students in the Second Region.
Statistical analysis was performed using STATA 12.0 ® software, where proportion measures, central tendency and dispersion measures for the description of variables were applied. Regarding groups comparison, simple linear regression and Wilcoxon signedrank test (Mann y Whitney) were used, upon verification of breach of normality with Shapiro-Wilk test as the case may be. A value of p < 0.05 was considered statistically significant with 95% of reliability. The grade point average comparison was made by Student's t-test and the comparison of proportions was made by c 2 .
The study was authorized by the management of the Hospital and the Ethics Committee of the University of Antofagasta, adhering to the Helsinki Declaration and regulations on the use of medical records. Table 1 shows the characteristics of the 66 patients with T1D, as entire group and divided by HbA1c, with no differences according to metabolic control. Most of the individuals were in pubertal stage and they were in primary education. All the patients with hypothyroidism were given levothyroxine, maintaining normal levels of the thyroid hormone. A 30% of the subjects had mental health problems and some patients had more than one disorder. The detected conditions corresponded to adjustment disorder 65%, anxiety disorder 50%, depression 20% and others 10%. Table 2 shows the grades by gender, the presence of hypothyroidism and mental health problems, with no differences between these categories except for the average grades in history subject which was lower for girls.
Results
A 27% of the subjects had adequate metabolic control with HbA1c ≤ 7.5% 30 . Table 3 shows grades of children with T1D divided by metabolic control and the grades of children of the general population in the Second Region. The grades of the entire group with T1D are similar to grades of the general population, however, children of primary education with T1D and from other communes, have lower grades than the general population. Table 4 shows grades of different subjects with no differences by metabolic control.
The linear regression analysis did not show correlation clinically significant between the grade point average and the duration of T1D (r = 0.0002, p = 0.99), the HbA1c (r = -0.003, p = 0.37), nor the age of diagnosis (r = -0.05, p = 0.02), however, there was a correlation with the number of daily CBG as shown in figure 1 . This correlation was significant for the grade point average, with a Pearson's coefficient r (r = 0.25, p = 0.0001), as well as for maths (r = 0.41, p = 0.013), language (r = 0.52, p = 0.025) and history (r = 0.58, p = 0.003). By classifying patients with T1D by school performance in relation to the general population of the same sex, level, type of school and locality, 51% had a lower grade point average, 8% an equal grade point average and 41% a grade point average above the mean. Table 5 shows the HbA1c, duration of T1D, onset age and number of daily CBG in children with higher and lower performance than the general population. It is observed that children with lower grades than general population have worse metabolic control (higher HbA1c) with no differences in the other parameters.
Three patients had severe hypoglycemia during 2015; the history of severe hypoglycemia since the onset of T1D was found in 13 patients (ten children with one episode, one child with two episodes and three subjects with three episodes). There were no differences in the grades of those who had severe hypoglycemia (5.8 ± 0.6) and those who did not have such history (5.6 ± 0.7) (p = 0.564).
During 2015, six patients had an episode of ketoacidosis. The history of ketoacidosis after the onset was found in 32 patients, one episode in 22 subjects, two episodes in 7 patients and three episodes in a child. The grades were similar in children with and without a history of ketoacidosis 5.6 ± 0.7 and 5.7 ± 0.7 respectively (p = 0.347). Table 6 shows the number and percentage of children who were not promoted and dropout rates. A 10.5% of patients with T1D were out of the educational system and 6.1% of children with T1D were not promoted during the year 2015 without significant differences between children with T1D and the general population. Note: There were five children who had equal grades to the general population who were excluded from this analysis. 
Discussion
It has been shown that T1D cause deleterious cognitive effects in children and adolescents who have been followed prospectively at 2 and 6 years after onset 31 . The most common cognitive deficits identified in patients with T1D are a slowing down in the speed of information processing [32] [33] [34] [35] and decreased psychomotor skills 32, 33, 36 . Other anomalies have been observed, such as motor nerve conduction velocity deficit 34, 37, 38 , vocabulary 20,36,39 , general intelligence 40 , visual image formation 35, 40 , attention 35 , somatosensory exam, motive power 38 , memory and finally, executive function 36 . Studies suggest, in turn, that both hypoglycemia and hyperglycemia affect the speed reaction and mathematical calculations, having a direct impact on the cognitive ability of children with T1D and poor metabolic control 24 . In children where the onset was before the age of 5 and with severe hypoglycemia history, it has been reported spatial intelligence and middle-term memory deficiencies, which suggest that developing brain could be susceptible to hypoglycemia 41 . In addition, T1D has been related to structural and functional changes in the brain 7,41-43 .
The evidence described above suggests that T1D could have consequences in neurodevelopment and in the cognitive process, both long and short term. However, T1D impact on school performance is still a matter of controversy 11, 22, 24 .
After the onset of T1D, children undergo a change in their lifestyle, they have frequent CBG, repeated medical check-ups, multiple daily insulin injections and changes in diet. Family overprotection and limitations in social activities are also frequent due to lack of autonomy in self-control and insulin therapy and fear of hypoglycemia. In addition, some patients and/ or their families react with rejection and denial of the disease. These factors can also create a detrimental environment for school performance independent of hyperglycemia 25 . In our series we observed that 30% of the children had mental health problems; however, this condition was not associated with a detriment in school grades.
In our research we did not find a correlation between school grades and the duration of T1D or HbA1c; furthermore, the grades of the entire group were similar to those of the general population of the Region. However, children with T1D in primary education showed lower grades than the general population. These results are inconsistent with Cooper et al. who report that in Australia, 666 children with T1D (ages 7-14) performed similarly to their peers on the National Assessment Program -Literacy and Numeracy (NAPLAN) tests 25 .
In our series, the school performance of children with adequate metabolic control versus with inadequate metabolic control was similar. Jacobson et al. also separate subjects by metabolic control but his observation was not focused on school performance. This study describes that individuals with HbA1c < 7.4% have significantly better performance in motor nerve conduction velocity and psychomotor efficiency tests, compared to those subjects with an average HbA1c > 8.8% 44 .
It was interesting to find a positive correlation between the number of daily CBG and grades as it has been established that the greater the number of daily CBG, the better the metabolic control 45 . It is possible that children who control their glycemia more frequently have better capillary glycemia levels during the study hours, enhancing their performance. On the other hand, we do not rule out that this association is only due to the fact that the most responsible children are more adherent to the treatment and self-control of their T1D, in the same way, that they are with their studies.
When comparing patients with T1D with higher and lower performance than the general population of the Region, we found that children with better performance have better metabolic control. These results are similar to the findings reported by McCarthy et al. 23 .
Our study has limitations such as the use of HbA1c as the only measure of metabolic control. HbA1c does not reflect the daily variations of glycemia, and the year average may have distortions, as we did not count on the quarterly measurement of this in all the patients. Likewise, no information regarding metabolic control from previous years was included. Another limitation of this analysis is the limited number of patients and the control group. The general population is not limited to normal healthy children; general population includes both children with T1D and children with other chronic diseases that may adversely affect school performance.
The type of evaluation used to academically evaluate each patient could also distort our results. Many children with a number of chronic diseases are evaluated under the special education system, as part of a program for the inclusion and integration of children and youth with special educational needs, established in the General Education Act and Law 20,422 of current Chilean legislation 46,47 . This evaluation has a lower requirement in relation to their peers and could explain the lack of correlation between school performance and metabolic control in patients with T1D. Our methodology does not allow us to evaluate these privileges and/or discrimination, both positive and negative, in these patients.
It is interesting to note that our group of patients in control with T1D showed a dropout rate of 10.5%, these patients were not included in the analysis of grades because they did not have academic records for 2015. The Third Report Infancia Cuenta of the same year in the region of Antofagasta describes that in general population of the region there is a 7.7% dropout rate, with school dropout rate significantly higher in secondary education (8.6%) versus primary education (6.7%) 47 . The failure rate in 2015 of our group was 6.1%; regional data for the general population report 4.8%, where the national average is 4.6%. Both dropout and failure seem to be higher in children with T1D in relation to the general population of the region, however, these differences did not reach statistical significance. Our methodology and the limited size of the study group do not allow us to make conclusive judgments regarding the real impact of T1D in this matter. It would be important to explore this history in a larger group of patients.
Our work did not make it possible to establish whether subjects who were out of the school system in 2015 have definitively dropped out of school or this is a transitory situation. In our experience, there are some families who are overtaken during the first months of the onset of T1D or during a subsequent crisis period and choose to take out the child from school to resume their studies the following year. Our findings suggest that it would be justified to implement a school sup-port program for children with T1D; both nursing to improve self-control during the school day, and pedagogical so that their school performance does not deteriorate.
Conclusion
Children with T1D in primary education showed lower grades than the general population. Patients who controlled their capillary glycemia less frequently had poorer school performance and subjects with lower grades than general population had poorer metabolic control. In this group of children who are assisted in the public health system in the Second Region of Chile, type 1 diabetes seems to have a deleterious impact on school performance.
